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Thirty maize genotypes were characterized for their nutritional, antinutritional and nutra-
ceutical traits for identification of elite germplasm rich in beneficial characteristics. Starch, 
proteins, lipids, tryptophan, lysine, β-carotene, condensed tannins, protease inhibitor, phytic 
acid, total phenols, flavonols, o-dihydroxy phenols and DPPH radical scavenging activity 
were determined in grains of all the genotypes. Correlation coefficient among the various 
parameters showed that lysine, total phenols, flavonols and o-dihydroxy phenols were nega-
tively correlated with phytic acid content of the genotypes. This showed that the nutritional 
and the nutraceutical potency of genotypes, rich in lysine and phenolic compounds, is further 
propounded by a reduction of phytic acid content in them. On the basis of various constitu-
ents, the genotypes were divided into three groups. Group-A genotypes had high to moderate 
levels of both nutritional and nutraceutical traits. Group-B included those genotypes that 
exhibited high to moderate levels of either nutritional or nutraceutical traits. Group-C was 
constituted of genotypes that had lower levels of both nutritional and nutraceutical traits. 
Agglomerative hierarchical clustering showed that the D subcluster of MC-2 was chiefly 
comprised of genotypes that had high to moderate levels of both nutritional and nutraceutical 
traits. It may be concluded that CML134, CML266, TOO14601, LM11, CML264, CML321, 
SE563, LM10, LM18, LM14 and CML32 were nutritionally rich nutraceutical genotypes 
having low antinutrient potency.
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Introduction
Maize, the poor man’s nutria cereal, is an important crop of the family Poaceae. It ranks 
first in world production and acquires a well-deserved reputation in terms of human nutri-
tion, animal feed and grain industry. By 2025, maize has been predicted to become the 
crop with the greatest production globally (Rosegrant et al. 2009). The golden grain ac-
counts for about 15–56% of the total daily calories in the diets of people living in low and 
lower middle income countries, where animal protein is scarce and expensive and conse-
quently unavailable to a vast sector of the population. Consequently, it is cultivated on 
nearly 184.2 million ha in the developing countries. In India, it occupies an area of 9.5 
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million ha with an annual production of ~ 23 million tons (FAOSTAT 2014). Therefore, 
there is a strong need to exploit the maize genotypes for improved nutritional and nutra-
ceutical characteristics so as to maintain a healthy living in the economically weaker 
sections of the world. With regard to this, several maize breeding programs, with special 
emphasis on grain nutritional quality are in progress (Jaradat and Goldstein 2013). 
Seeds are the nutritious and edible parts of maize. The nutritional and economical 
value of maize kernel is primarily ascribable to its high starch content that contributes a 
significant proportion to the mature seed weight. However, the protein and oil content are 
also essential for human and animal nutrition. Nevertheless, the protein quality of maize 
gets restricted due to the deficiency of a few essential amino acids. In normal maize, bulk 
of the endosperm proteins is of prolamine (zeins) type. The high proportion of zeins in the 
endosperm is the primary reason for the poor protein quality as these are particularly de-
ficient in lysine and tryptophan (Gutierrez-Rojas et al. 2008). Further, the nutritive value 
of maize also gets hampered by the presence of some antinutritional factors that reduce 
the utilization of nutrients. The levels of these biologically active components vary with 
the species and cultivar of plants (Zank 1991). Phytic acid, protease inhibitors and con-
densed tannins are the common antinutritional compounds that affect nutrient absorption 
in the body. Phytic acid acts as a powerful chelating agent that reduces the bioavailability 
of divalent cations by the formation of insoluble complexes (Lesteinne et al. 2005). Tan-
nins have been reported to cause intestinal damage, interfere with iron absorption and 
produce carcinogenic effects (Chung et al. 1998). Protease inhibitors have the ability to 
inhibit the activity of proteolytic enzymes within the gastrointestinal tract of animals. 
Trypsin inhibitors have been implicated in reducing protein digestibility and causing pan-
creatic hypertrophy, by blocking the activity of trypsin (Smith et al. 1989). 
In addition to nutritional traits, the nutraceutical quality of the food would suffice in 
the maintenance of a healthy living. These phytochemicals have health promoting, dis-
ease preventing and medicinal properties (Dureja et al. 2003). Nutraceutical substances 
maintain and potentiate the physiological or metabolic functions (Doyon and Labrecque 
2008). Certain phytochemicals such as phenolics, anthocyanins and carotenoids have 
been reported for their antioxidant activity in maize (Zilic et al. 2012).
Although, biofortification of maize is a feasible way to improve its nutritional and 
nutraceutical quality, but it is more economical and liberal from public concerns to ex-
plore and utilize the genetic variations for these quality traits, in the available germplasm. 
Therefore, the objective of this study was to characterize the biochemical diversity pre-
sent in maize germplasm so as to identify genotypes that are enriched with nutritional and 
nutraceutical constituents, but manage lower levels of antinutritional factors. This would 
help in the development of superior cultivars as well as promoting their consumption for 
a healthy, yet economical living.
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Materials and Methods
Thirty maize genotypes, having different genetic backgrounds (Table S1*) were grown 
under same environmental conditions and harvested in the year 2013, from the experi-
mental area of the Department of Plant Breeding and Genetics, Punjab Agricultural Uni-
versity, Ludhiana, India. 
Determination of starch, soluble proteins, tryptophan, lysine, lipids and β-carotene 
contents
The sugar free residue, obtained with 70% ethanol, was dried at 60 °C and used for the 
estimation of starch (Yoshida et al. 1976). Total soluble proteins were extracted with 
0.1 N NaOH and estimated (Lowry et al. 1951). The lipid content was determined by the 
method of Folch et al. (1957). Tryptophan and lysine were extracted and estimated by 
the procedure described by Nurit et al. (2009). β-Carotene was extracted and estimated 
by the method of AACC (1995). 
Determination of condensed tannins, protease inhibitor and phytic acid content 
Condensed tannins were extracted with methanol and estimated using vanillin reagent 
(Price et al. 1978). Protease inhibitor was extracted and estimated by the method of Haje-
la et al. (1999). Phytic acid was extracted (Zemel and Shelef 1982) and organic phospho-
rus was estimated by the method of Rouser et al. (1974). 
Determination of phenolic compounds and DPPH radical scavenging activity
The powdered seeds were refluxed with 80% aqueous methanol. The refluxed material 
after filtration was used for the estimation of total phenols (Swain and Hillis 1959), 
o-dihydroxy phenols (Nair and Vaidyanathan 1964) and flavonols (Balaba et al. 1974). 
DPPH radical scavenging activity was extracted and estimated from the powdered seeds 
with methanol. For estimation, 0.1 mM DPPH was added to 1 ml of supernatant, kept in 
the dark for 30 min and absorbance was read at 515 nm (Yamaguchi et al. 1998).
Data analysis
One-way analysis of variance followed by post-hoc analysis was applied to determine the 
significant differences among the maize genotypes. Correlation coefficient among vari-
ous constituents was determined in maize germplasm. By XLSTAT 2015 software, hier-
archical agglomerative clustering was done with Pearson correlation coefficient using 
flexible linkage. 
*Further details about the Electronic Supplementary Material (ESM) can be found at the end of the article.
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Results
Status of nutritional constituents
The average content of starch was observed to be 660.5 mg g–1 seeds (Table S2). Among 
the various genotypes studied, CM139, CM143, CM144, LM5, LM14, LM15, LM16, 
LM17, LM18, I155, SE527, SE568, SE569 and TOO14601 were observed to be rich 
sources of starch (Table S2). Protein content varied from 7.1% to 13.3% with an average 
value of 10.1%. Among the various genotypes, SE563 was observed to have the lowest 
protein content (Table S2). On the contrary, the highest content of soluble proteins was 
observed in LM10, CM139, CM140, CM143, LM5, LM14, LM15, LM16 and I168 geno-
types (Table S2). Our results further showed that the tryptophan content varied from 0.005 
to 0.048% among the genotypes, with LM17, LM18 and I168 showing the highest content, 
while SE527, I137 and CM144 showing the lowest content (Table S2). Lysine content was 
observed to be high in CML134, CML321, CML264, CML266, TOO14601 and CM143 
genotypes (Table S2). The lipid content of the maize genotypes varied from 0.96–4.66% 
(Table S2). The highest content of lipids was observed in LM18, I155, LM14, I137 and 
SE563 genotypes. β-Carotene content varied from 0.56–8.33 ppm with a mean value of 
4.62 ppm (Table S2). CML134 genotype was found to have the lowest content of β-carotene 
while highest content was observed in LM19 (Table S2). In addition, LM11, LM18, LM20, 
I164, SE569 and TOO14601 also showed high levels of β-carotene in their grains.
Status of antinutritional constituents
The content of condensed tannins varied from 182.7–440.7 mg 100 g–1 seeds among the 
maize genotypes. Mean value of condensed tannins was found to be 299.1 mg 100 g–1 
(Table S3). LM15 and LM12 were found to have the lowest content of condensed tannins. 
However, LM5, LM10, LM14, LM17, LM18, LM19, I155, I137, I168, CML32, SE569, 
CML321, CML134 and CML 266 genotypes were rich in the content of condensed tan-
nins (Table S3). Their condensed tannins content was observed to be ≥ 300 mg/100 g. Our 
results further showed that a few genotypes, namely LM11, I137, CML32 and CML134 
had very low protease inhibitor activity with CML266 exhibiting the lowest activity of 
45.8 units g–1 seeds. On the other hand, the protease inhibitor activity was observed to be 
more than 200 units g–1 in CM143, CM144, LM12 and LM17 genotypes (Table S3). 
Maize genotypes were found to have a significant variation in the content of phytic acid 
as it ranged from as low as 2.16 mg g–1 seeds to as high as 8.47 mg g–1 seeds (Table S3). 
A few genotypes, e.g. LM11, I168, TOO14601, CML32, CML264, CML321, CML134 
and CML266 were observed to have very low phytic acid content (i.e. less than 3.0 mg 
g–1 seeds) (Table S3).
Status of nutraceutical constituents
It was observed that the total phenolic content varied from 58.13–153.33 mg 100 g–1 
seeds with a mean value of 90.65 mg 100 g–1 seeds (Table S4). LM5 and LM10 were 
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found to have the lowest content while CML264 and CML321 were observed to have the 
highest content of total phenols in the grains (Table S4). In general, all the CML geno-
types, viz. CML264, CML321, CML134, CML266 and CML32 along with TOO1461, 
CM140, LM12, LM14, SE568 and SE569 had high total phenolic content (Table S4). 
Mean content of o-dihydroxy phenols was 3.99 mg 100 g–1 seeds and their amount was 
found to vary in the range of 2.09–6.53 mg 100 g–1 seeds (Table S4). LM13, LM5, I155 
and I137 genotypes had the lowest content of o-dihydroxy phenols, while its highest con-
tent was observed in LM11 genotype. Other genotypes showing relatively high content of 
o-dihydroxy phenols were LM12, LM18, CML134, CML266 and CML321 (Table S4). 
Flavonols were found to lie in the range of 13.83–53.57 mg 100 g–1 seeds with an average 
value of 30.52 mg 100 g–1 seeds (Table S4). The highest content of flavonols (~53 mg/100 
g) was observed in CML264 and CML321 genotypes. The genotypes, viz. CML134, 
CML266, TOO14601, LM12, LM13, LM18, I155, I137, I164, SE568 and SE569 showed 
their flavonol content above 30 mg 100 g–1 (Table S4). DPPH free radical scavenging 
activity varied from 38.53–63.33% among the genotypes (Table S4). In general, almost 
all maize genotypes showed high DPPH radical scavenging activity (Table S4).
Correlation coefficient among nutritional, antinutritional and nutraceutical constituents 
of maize genotypes
Correlation coefficient among nutritional, nutraceutical and antinutritional components 
of maize genotypes was studied (Table 1). Phytic acid content was observed to be nega-
tively correlated with flavonols (r = –0.433), o-dihydroxy phenols (r = –0.449), total phe-
nols (r = –0.496) and lysine (r = –0.578). Total phenolic content was observed to be posi-
tively correlated with flavonols and o-dihydroxy phenols (r = 0.749 and 0.398, respec-
tively). However, it showed negative correlation with β-carotene (r = –0.638). β-Carotene 
also showed negative correlation with flavonols (r = –0.458) but positive correlation with 
phytic acid (r = 0.580). Lysine was found to be positively correlated with flavonols and 
total phenols (r = 0.587 and 0.681, respectively) but showed negative correlation with 
β-carotene (r = –0.652). Starch was found to be positively correlated with total proteins 
(r = 0.379). However, lipid content was found to be negatively correlated with total 
proteins. Tryptophan was observed to be positively correlated with condensed tannins 
(Table 1). 
Agglomerative hierarchical clustering
Agglomerative hierarchical clustering using Pearson’s correlation coefficient with flexi-
ble linkage divided the genotypes into two main clusters: MC-1 and MC-2. MC-1 was 
subdivided into two subclusters A and B while MC-2 was divided into C and D sub clus-
ters (Fig. 1). It was observed that MC-1 and C subcluster of MC-2 was constituted most-
ly of those genotypes that exhibited high to moderate levels of either nutritional or nutra-
ceutical traits, while the D subcluster of MC-2 was comprised of genotypes having high 
to moderate levels of both nutritional and nutraceutical traits. There were seven geno-
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types that had lower levels of both nutritional or nutraceutical traits (Fig. 1). These were 
observed to be scattered throughout the dendrogram with three genotypes in MC-1 and 
four in MC-2 (Fig. 1).
Figure 1. Dendrogram of maize genotypes obtained with Pearson’s correlation coefficient using flexible linkage
MC-1, major cluster-1; MC-2, major cluster-2; A and B, subclusters of MC-1; C and D, subclusters of MC-2
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Discussion
Maize grain has been reported to be a rich source of starch as compared to other major 
food crops such as wheat and rice (Chander et al. 2008). Our results are consistent with 
those given by Jaradat and Goldstein (2013). The enlisted genotypes, rich in starch con-
tent (Table S2), gave them an upper hand in terms of nutritional value. Protein is another 
important chemical constituent of grains. Literature, however, reported that protein con-
tent of maize lie in the range of 9–11% (Sofi et al. 2009). It has been reported that 50–70% 
of the endosperm proteins are the zein proteins which are deficient in tryptophan and ly-
sine and consequently lead to poor nutritional quality (Gibbon and Larkins 2005). Our 
results of tryptophan content showed that LM17, LM18 and I168 genotypes are nutrition-
ally enriched with the amino acid that is mainly low in maize (Table S2). On the other 
hand, SE527, I137 and CM144 genotypes might be regarded as less nutritional in terms 
of their low tryptophan content (Table S2). The genotypes, CML134, CML321, CML264, 
CML266, TOO14601 and CM143 have a better nutritional status than others in terms of 
their lysine content. These results further showed that I168 and CM 143 are tryptophan 
and lysine rich, high protein grains, respectively (Table S2). The nutritional importance 
of maize grain is also attributed to the oil stored in the embryo. From the results, it was 
inferred that LM18, I155, LM14, I137 and SE563 are nutritionally better with respect to 
their lipid content (Table S2). β-Carotene plays a vital role in the human body because of 
its pro-vitamin A activity (Chen et al. 1993). It was inferred that LM11, LM18, LM19, 
LM20, I164, SE569 and TOO14601were highly nutritious with respect to their β-carotene 
content (Table S2).
However, the nutritive value of food depends upon the status of antinutritional com-
pounds in them. Tannins have been reported to interact with both enzyme and non-en-
zyme proteins to form tannin-protein complexes that lead to the inactivation of digestive 
enzymes thereby reducing food digestibility (Khandelwal et al. 2010). Tannins, being 
resistant to degradation, remain in the digestive tract for long periods. Therefore, the high 
tannin content of enlisted genotypes proves to be a negative trait of these genotypes 
(Table S3). Protease inhibitors have been reported to form stable complexes with proteo-
lytic enzymes, thus reducing the hydrolysis of dietary proteins leading to decreased ami-
no acid absorption and de novo protein synthesis (Roy et al. 2010). The lower protease 
inhibitor activity of CML266, LM11, I137, CML32 and CML134 could be attributed as 
a constructive trait for making these genotypes superior than others (Table S3). On the 
other hand, the high protease inhibitor activity in CM143, CM144, LM12 and LM17 
genotypes could make them less nutritional (Table S3). Phytic acid is the principal stor-
age form of phosphorus in plant tissues (Doria et al. 2009). During germination, it serves 
as a major source of phosphorus for the growing seedlings. Phytic acid has been reported 
to have both nutritional as well as antinutritional effects. It has been reported as an anti-
carcinogenic agent as well as an important therapeutic against diabetes mellitus, athero-
sclerosis and coronary heart diseases (Kumar et al. 2010). However, it also acts as a 
strong chelator of divalent cations like calcium, magnesium, iron and zinc, and thus, 
contributes to mineral deficiency by reducing their bioavailability (Lesteinne et al. 2005). 
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It also forms insoluble complexes by binding starch and protein molecules, thereby re-
ducing their bioavailability in humans (Phillippy 2003). It could be inferred that LM11, 
CML32, CML134 and CML266 have better nutritional quality as they had very low lev-
els of both the antinutritional constituents, viz. protease inhibitor activity and phytic acid 
content (Table S3), making these genotypes beneficial for human consumption. 
Phenols have also been termed as antinutritional because of their tendency to bind 
positively charged proteins and minerals in foods and reduce their digestibility (Gilani et 
al. 2005). However, these antinutritional traits have been trounced by their ability to act 
as reducing agents, hydrogen donors and chelators of metal ions (Decker 1995) as well as 
their ability to act as inhibitors of low density lipoproteins, cholesterol oxidation and 
DNA breakage (Shahidi 2004). From our results, it could be inferred that CML264, 
CML321, CML134, CML266 and CML32 along with TOO1461, CM140, LM12, LM14, 
SE568 and SE569 can be regarded as total phenol rich nutraceutical genotypes. The high-
er content of o-dihydroxy phenols in a few genotypes, viz., LM11, LM12, LM18, 
CML134, CML266 and CML321 also appeared to make them nutraceutically beneficial 
(Table S4). Flavonols have been reported to exert beneficial effects on the central nervous 
system by protecting neurons against stress-induced injury through suppression of neuro-
inflammation (Letenneur et al. 2007). In concert with total phenol content, CML264, 
CML321, CML134, CML266, TOO14601, LM12, SE568 and SE569 genotypes also 
showed high flavonol content which thus potentiates their nutraceutical efficiency. In ad-
dition, LM13, LM18, I155, I137, I164 genotypes also appeared to be nutraceutically ben-
eficial as they have high antioxidant properties of flavonols, which can strongly inhibit 
the reactive oxygen species (Table S4). The nutraceutical status of maize is also attributed 
to the DPPH free radical scavenging activity that showed significant levels among all the 
genotypes (Table S4). The high antioxidant activity of maize grain has been reported to 
be associated with phenolic compounds present in the grain (Fardet et al. 2008). In fact, 
the antioxidant ability of the grains has been reported to be positively correlated with 
phenolics content (Verma et al. 2008). However, our results did not show any such 
positive correlation between total phenols and DPPH free radical scavenging activity 
(Table S4).
From the results of correlation coefficient (Table 1), it may be concluded that the char-
acteristics of high lysine, total phenols, flavonols and o-dihydroxy phenols tend to be in 
concert with low phytic acid content in maize. Thus the nutritional and the nutraceutical 
potency of maize genotypes, enriched with lysine and phenolic compounds, would in-
crease due to a reduction in their phytic acid content. This showed that the genotypes, 
e.g., LM18, CML134, CML264, CML266 and TOO14601 having high contents of lysine, 
total phenols, flavonols and o-dihydroxy phenols would be nutritionally and nutraceuti-
cally more efficient because of their low phytic acid content (Tables S3 and S4).
On the basis of the levels of the various constituents, the genotypes were divided into 
three groups. Group-A was primarily constituted of those genotypes which showed high 
to moderate levels of both the nutritional and nutraceutical traits. Group-B contained 
those genotypes that exhibited high to moderate levels of either nutritional or nutraceuti-
cal traits. The third Group-C constituted of those genotypes which had lower levels of 
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both nutritional and nutraceutical traits. The results thus showed that the genotypes viz., 
CML134, CML266, TOO14601, LM11, CML264, CML321, SE563, LM10, LM18, 
LM14 and CML32 were present in Group-A. The Group-B was comprised of CM143, 
SE568, LM5, I155, CM139, CM144, LM13, LM15, I137, I168, LM12 and 164 geno-
types. CM140, SE527, LM16, LM17, LM19, LM20 and SE569 constituted the Group-C 
genotypes. Agglomerative hierarchical clustering using Pearson’s correlation coefficient 
with flexible linkage clustered the genotypes into certain specific clusters (Fig. 1). It was 
observed that MC-1 and C subcluster of MC-2 was constituted mostly of Group-B geno-
types, while the D subcluster of MC-2 was comprised of Group-A genotypes, having high 
to moderate levels of both nutritional and nutraceutical traits (Fig. 1). 
It may be concluded that the genotypes, viz. CML134, CML266, TOO14601, LM11, 
CML264, CML321, SE563, LM10, LM18, LM14 and CML32 could be ranked in the 
best category on the basis of their nutritional and nutraceutical properties. These geno-
types thus provide elite breeding stocks for the enrichment of nutritionally and nutraceu-
tically important constituents.
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